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Coming Out of the Dungeon: Mathematics and Role-Playing Games
Abstract
After hiding it for many years, I have a confession to make.
Throughout middle school and high school my friends and I would gather almost every weekend,
spending hours using numbers, probability, and optimization to build models that we could use to
simulate almost anything.
That’s right. My big secret is simple. I was a high school mathematical modeler.
Of course, our weekend mathematical models didn’t bear any direct relationship to the models we
explored in our mathematics and science classes. You would probably not even recognize our regular
gatherings as mathematical exercises. If you looked into the room, you’d see a group of us gathered
around a table, scribbling on sheets of paper, rolling dice, eating pizza, and talking about dragons, magical
spells, and sword fighting. So while I claim we were engaged in mathematical modeling, I suspect that
very few math classes built models like ours. After all, how many math teachers have constructed or had
their students construct a mathematical representation of a dragon, a magical spell, or a swordfight? And
yet, our role-playing games (RPGs) were very much mathematical models of reality — certainly not the
reality of our everyday experience, but a reality nonetheless, one intended to simulate a particular kind of
world. Most often for us this was the medieval, high-fantasy world of Dungeons & Dragons (D&D), but we
also played games with science fiction or modern-day espionage settings. We learned a lot about math,
mythology, medieval history, teamwork, storytelling, and imagination in the process. And, when existing
games were inadequate vehicles for our imagination, we modified them or created new ones. In doing so,
we learned even more about math.
Now that I am a mathematics professor, I find myself reflecting on those days as a “fantasy modeler” and
considering various questions. What is the relationship between my two interests of fantasy games and
mathematics? Does having been a gamer make me a better mathematician or modeler? Does my
mathematical experience make me a better gamer? These different aspects of my life may seem mostly
unconnected; indeed, the “nerd” stereotype is associated with both activities, but despite public
perception, the community of role-players includes many people who are not scientifically-minded. So we
cannot say that role-players like math, or math-lovers role-play, because “that is simply what nerds do.” To
get at the deeper question of how mathematics and role-playing are related, we first need to look at the
processes of gaming, game designing, and modeling.
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Coming Out of the Dungeon
Mathematics and Role-Playing Games
Kris Green

Introduction
After hiding it for many years, I have a confession to make.
Throughout middle school and high school my friends and I would gather almost
every weekend, spending hours using numbers, probability, and optimization to build
models that we could use to simulate almost anything.
That’s right. My big secret is simple. I was a high school mathematical modeler.
Of course, our weekend mathematical models didn’t bear any direct relationship to
the models we explored in our mathematics and science classes. You would probably not
even recognize our regular gatherings as mathematical exercises. If you looked into the
room, you’d see a group of us gathered around a table, scribbling on sheets of paper, rolling
dice, eating pizza, and talking about dragons, magical spells, and sword fighting. So while
I claim we were engaged in mathematical modeling, I suspect that very few math classes
built models like ours. After all, how many math teachers have constructed or had their
students construct a mathematical representation of a dragon, a magical spell, or a
swordfight? And yet, our role-playing games (RPGs) were very much mathematical models
of reality — certainly not the reality of our everyday experience, but a reality nonetheless,
one intended to simulate a particular kind of world. Most often for us this was the medieval,
high-fantasy world of Dungeons & Dragons {D&D), but we also played games with science
fiction or modern-day espionage settings. We learned a lot about math, mythology, medieval
history, teamwork, storytelling, and imagination in the process. And, when existing games
were inadequate vehicles for our imagination, we modified them or created new ones. In
doing so, we learned even more about math.
Now that I am a mathematics professor, I find myself reflecting on those days as a
“fantasy modeler” and considering various questions. What is the relationship between my
two interests of fantasy games and mathematics? Does having been a gamer make me a
better mathematician or modeler? Does my mathematical experience make me a better
gamer? These different aspects of my life may seem mostly uncoimected; indeed, the “nerd”
stereotype is associated with both activities, but despite public perception, the community
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of role-players includes many people who are not scientifically-minded. So we cannot say
that role-players like math, or math-lovers role-play, because “that is simply what nerds
do.” To get at the deeper question of how mathematics and role-playing are related, we first
need to look at the processes of gaming, game designing, and modeling.

What Do Gamers Do?
Throughout this paper, by gamer we will mean someone who participates in RPGs.
What, however, does this participation entail? An RPG such as DefD—sometimes referred
to as a “gaming system”—engages players in many different activities at many different
levels. In general, the gaming system provides a set of rules that guide game play, as well
as the background and flavor necessary to flesh out an imaginary world. Within this frame
work, one player — usually called the gamemaster, or GM — designs a “campaign” in which
the other players’ characters (avatars) participate, growing and developing throughout the
process. A campaign is a collection of linked adventures (storylines) situated within a specific
place and time, and focused on particular characters and artifacts. An adventure might have
a fairly simple plot, like rescuing a captive, rooting out a traitor, raiding a treasure trove,
or protecting a village from destruction.' A small adventure might be played out in one
night through a series of encounters; a larger adventure might take many nights of gaming,
while an overall campaign may last for several years.
The tasks of the GM and of the players are as follows. The GM constructs the back
ground, history, non-player characters, setting, and mood of a campaign. She also plays the
parts of all the non-player-controlled characters, and adjudicates any conflicts that occur,
resolving them according to the rules of the game as agreed upon by the players (which
might differ slightly from those in the officially published game guides). The players use
the rules and the GM’s work to create characters who will explore the campaign world.
They may design their characters together, engineering a cohesive group, or they may
develop them in private consultation with the GM.^
An important part of playing the game focuses on the development of the characters
over the course of a campaign. Players generally keep written records of their characters’
skills and traits. Characters from different gaming systems have different abilities; these tend
to center on what is important in the settings and encounters likely to occur in a particular
game. For instance, the game Call ofCthulhu, based on the horror writings of H. P. Lovecraft,
requires that characters track their sanity as they run afoul of strange things that “go bump
in the night” and defy all logic; if events cause a character to question reality too much, he
is usually locked away in an asylum, effectively removing his player from the game.
In most games, a character’s traits are described using combinations of numbers and
verbal phrases. Verbal phrases cover a character’s abilities, motivations, and attitudes, while
numbers represent her chances of success at various activities. For example, in D&D when
a character is created, her intrinsic abilities are determined by six numbers, ranging from 3
to 18. These values represent the character’s strength (physical ability to lift heavy objects),
dexterity (agility and quickness), constitution (general hardiness and toughness), intelligence
(ability to remember facts and solve complex problems), wisdom (insight into people and
situations), and charisma (charm and attractiveness), and can change over time as the char-
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acter gains new abilities or suffers from illness or injury. D&D also uses a myriad of secondary
characteristics (hit points, armor class, feats, special abilities, equipment, alignment, and
skills) to round out a character’s abilities.^
In many game systems, a character is further defined by the selection of a class or pro
fession representing his training; for instance, a character may be a fighter, a rogue, or a
wizard. Usually characters also have a host of other abilities, ranging from skills in which
they train, such as animal riding, stealth, or diplomacy, to the ability to perform learned
feats in special circumstances, such as casting spells, wielding combinations of weapons, or
manipulating people through song. Each of these abilities is assigned some number or
description, usually representing a combination of the training, natural talent, equipment,
and magic that a character has. This number is then used to determine the character’s success
or failure each time he attempts to use the ability to accomplish a task.
Instead of explaining how this works in the abstract, we here give a concrete example.
Generally, when a character attempts some action, the results of the attempt are determined
by some combination of randomness — such as rolling one or more dice — and the abilities
of the character. For instance, suppose that we have a D&D character. Bob the Barbarian,
who has devoted some of his training to handling animals, and has 4 ranks in the ckill
“handle animal” (more ranks in a skill indicates more time devoted to its learning and prac
tice). Bob also has a charisma score of 13, which adds a score of 1 to each of his charismarelated skills (such as animal-handling); so Bob has a total bonus of 5 when working with
animals. Now, if he wants to teach a tame dog to defend him in combat, the Player’s Hand
book (the rulebook of D&D) tells us that Bob must roll a 20-sided die and add the yielded
number to his bonus (5); if the resulting sum is greater than a target number of 20, then he
succeeds in training the dog. Different events and circumstances alter the required target
number that a player must “beat.”
This process of determining bonuses, identifying target numbers, and rolling dice gets
repeated during every significant action a character attempts in an adventure, whether it is
swinging a sword, climbing a rock face, or impressing an audience with musical talent. The
GM describes the situation, the characters describe their attempted actions, and the game
system s rules determine how likely it is that the characters succeed in their attempts, and what
the consequences of success (or failure) are. Different games vary in their rules, so an action
outcome requiring multiple rolls in one game may be resolved with a single roll in another.
Throughout the campaign, players engage in many role-playing activities that are
essentially exercises in gaining skills and abilities that give their characters greater chances
of success in achieving game-related goals. A great deal of arithmetic is involved in deter
mining the probabilities that govern their characters’ successes or failures. These probabilities
are introduced so that event outcomes are somewhat randomly determined; this adds an
element of risk to the decisions players make. Different games use very different mechanisms
to generate randomness, depending on whether they are modeling worlds in which all events
are essentially independent, in which case actions are typically resolved by the roll of a die,
or worlds in which characters have a finite amount of “good luck,” in which case actions
may be resolved by drawing from a 52-card deck without replacement. More exotic methods
can also used to generate randomness, create more suspense, allow characters to perform
more heroic actions, or have events follow more of a normal (a.k.a. “bell curve”) distribution
so that extreme events rarely occur and “average” scenarios are common.
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What Do Modelers Dof
A common description of mathematical modeling involves the modeler navigating
between two different worlds. The first is the real-world situation that is being modeled;
the second is the model world, a representation of the real-world. The modeler actually
works within the model world, and then extrapolates to apply her results to the real world.
According to Maal? (62), in negotiating between these worlds, modelers must carry out the
following activities:
1.
2.
3.
4.
5.

Simplify, structure, idealize.
Mathematize.
Work within mathematics.
Interpret.
Validate.

To see the parallels with gaming, though, it helps to think of these steps as simplification
and abstraction, quantification, analysis, and interpretation (absorbing the validation step
into the interpretation step).
Simplification involves reducing the real-world situation down to the fewest elements
(be they variables, constants, or relationships) necessary to capture the phenomenon being
studied. In practice, this requires several repetitions of the processes of development, testing,
and evaluating to find the right amount of detail. Insufficient simplification leaves the mod
eler working with so many variables that her mathematics becomes unwieldy, if not down
right impossible to manage; on the other hand, simplifying too much loses so much
information about the situation that obtained mathematical results are meaningless. (Many
mathematical modeling jokes poke fim at mathematicians’ potential oversimplification of
real-world situations, involving punch lines to the effect of “assume a perfectly spherical
cow.”) Some attempts to model the motion of objects begin by assuming that the object
behaves as if all of its mass is located at a single point (rather than being distributed through
out space) or that air resistance is insignificant in comparison to the other forces in the sit
uation. If one is modeling the way a population of deer changes over time, one may
reasonably focus on births and deaths due to natural causes or predation while ignoring
minor changes in population size due to animals moving in and out of the relevant area.
The process of simplification reduces the number of variables and amount of information
needed to obtain a reasonable solution to the problem.
Closely related to simplification is the process of abstraction, which requires that the
modeler combine elements of and ignore specific details about the relevant real-world rela
tionships. In population modeling, one may abstract all the ways that an animal might die
into a single measure of the population’s death rate. One may attempt to study the population
as a whole, rather than track the circumstances of specific individual animals. Even more
abstractly, one might represent the population as a percentage of its ecosystem’s maximum
sustainable population (often referred to as its carrying capacity). Both simplification and
abstraction require that the modeler engage in assumption-making to translate the real
world into a mathematical one.
Once the modeler has simplified and abstracted the real world in conjunction with the
features that are important to the model, she quantifies the relevant objects and relationships:
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in other words, she represents the objects and relationships in the model world using math
ematical language. She can then manipulate these objects using mathematical rules and
processes.
Quantifying requires thinking about the scale of and the units for each of the quantities
involved. When considering a model that involves variations in spatial dimensions, do we
need to scale our variables so that we can see what is happening on the level of meters, kilo
meters, or centimeters? Does the system have any sort of “natural scale” to which everything
can be easily compared, with a rating of 1 indicating average size or strength? If so, should
the values scale linearly, so that a rating of 2 indicates twice that average size or strength,
or should they scale logarithmically, so that 2 indicates a strength that is, say, 10 times that
indicated by a rating of 1, 3 indicates a strength that is 10 times that indicated by a rating
of 2 (hence 100 times that indicated by a rating of 1), and so forth? If time is a component
of our situation, do we want to measure time in continuous or discrete units? If we choose
discrete units, then what should each time unit or “tick of the clock” represent: a day, an
hour, a month, a year? Do we need to examine the effects of a disease separately on males
and females? On the young versus the old? Tracking any additional data characteristics
necessitates the assignment of a new variable, so the process of quantification requires deter
mining how many quantities and what type of quantities will be involved in the model.
The abstract, simplified, quantified model can then be analyzed using mathematical
tools (e.g., solving algebraic or differential equations, integrating, working with matrices,
etc.). The results of this analysis then must be interpreted hy moving back from the model
world to the real world and determining what the solutions of the mathematical analysis
imply about the original situation under consideration. One must carefully consider the
reasonableness and accuracy of the results to determine whether or not one has oversimplified
the model (leaving out too much important information) or abstracted too much.
As an example, consider the task of modeling the way someone learns new information.
One approach might be to treat the information to be learned in the abstract: instead of
trying to model each of its specific elements, we could treat it as a single quantity, “amount
to be learned.” We can keep the situation simple by ignoring the various distractions the
learner might experience and treating the rate of change of the amount he knows as a
function of some intrinsic “ability to learn” and the amount remaining to be learned. This
would result in a differential equation much like Newton’s Law of Cooling,"* but with the
quantities reinterpreted to represent the various aspects of the particular situation. Making
different choices about how to simplify, abstract, and quantify would lead to other models
of the situation.

Designing Games as Mathematical Modeling
In the case of role-playing games, the “real world” is the fantasy scenario existing in a
shared imagination among the players, the GM, and the game designers. It could be a dun
geon filled with treasure, a town with complex political and social hierarchies, or a planet
with a sophisticated ecosystem that makes it “alive.” The “model world” is the set of rules
that provide the system for deciding whether certain events happen and whether characters
succeed at attempted tasks. When creating the set of rules for a game, the game’s designers
translate between these worlds repeatedly, constantly evaluating and revising the models
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they create while searching for the right balance between accuracy and usability. (All modelers
struggle with balancing some factors. For instance, engineers know how to make planes
much safer, but the incurred expense would make plane-construction impractical or would
lead to many people not being able to afford air travel, potentially leading to more deaths
on our roads.)
Each of the modeling processes is inherent in the design of RPGs. D&D designers
simplified by using a mere six values to quantify characters’ traits (strength, dexterity, and
so forth). (Other games may further reduce these traits to simply “Physical,” “Social,” and
“Mental” statistics, or expand them to include separate statistics for memory, learning ability,
appearance, coordination, endurance, and others.) Reality is much more complex: we would
never try to describe a friend completely using only six numbers. Some gamers argue that
D&D’s designers have oversimplified, debating, for instance, the notion of “dexterity” as a
valid simplification, since the designers have incorporated both a character’s agility and bal
ance, as well as her fine motor coordination, into a single number. Indeed, rarely does a
week pass without someone questioning this particular simplification on one of the many
online DdrD message boards.
The game universes themselves are also full of simplifying assumptions. What can be
ignored in order to achieve the desired game flavor? Is the designer trying to create a setting
and system with historical accuracy, mythological accuracy, cinematic accuracy, or realistic
combat models? Does he want the game characters to be omniscient about the world around
them, or have the characters know exactly and only what the players know?
Abstraction appears in multiple places in role-playing game design. For example, rather
than representing a character’s defensive capability with 30 different places where a person
can be hit, each having its own armor and damage-absorbing characteristics, D&D designers
chose to describe defensive capability with a single descriptor, called “armor class.” This is
an abstraction that incorporates both a character’s ability to dodge and parry blows and her
ability to resist impacts and take damage. Another excellent example of abstraction is given
by the d20 Modem rules for dealing with a character’s wealth. In the real world, a person’s
wealth is a complex combination of available cash, savings accounts, retirement funds, and
other investment accounts, non-monetary assets, and loans. Rather than force players to
keep detailed records of every purchase a character makes and bank record he accesses, the
d20 Modem designers of created a single abstract quantity called “Wealth” that determines
how easy it is for a character to acquire equipment and resources. Players roll against the
difliculty (which incorporates cost and availability as well as legality) of acquiring a good,
and their wealth may change as a result of the roll, representing in the abstract a loss of
assets.
Quantification is nearly omnipresent in RPG design: it is the process by which the
abstracted and simplified events in the game world are described. Rather than a character
simply being said to be “strong” or “fast,” in most games character traits are identified by
a collection of numbers having mathematical relationships with one another. For example,
in D&D, the number representing your dexterity helps to determine how easy it is for your
character to hit targets with ranged weapons (like bows); your character’s strength helps
determine the amount of damage he can inflict in hand-to-hand combat; and his intelligence
determines the potential he has for learning new skills. (Even in games with more descriptive
statistics, the likelihood of an action’s success is eventually quantified in some way to avoid
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the potential for bias and to promote fairness among the players.) In mathematical terms,
game designers want the sets of numbers describing a character’s skills to be orthogonal:
that is, we want each number to represent a distinct concept, so that it is clear which number
should be used in any given situation. For example, we could describe a person’s coordination
with one number and her “fine motor skills” with another number, but there are situations,
such as performing surgery in a moving ambulance, in which she would need to make use
of both of these skills. On the other hand, having one number representing a person’s agility
and another representing her fine motor skills would make it clearer that the former applies
when she attempts an action involving whole body movements (like dodging a thrown rock)
and the latter applies to smaller scale actions (like picking a lock). Many games use an addi
tional abstract number, a character’s level, to provide a rough measure of the overall skill
and ability of the character. This allows the GM to easily tailor the conflicts in the game
so that characters are not easily outmatched by or always vastly superior to opponents they
encounter.^
Interpretation occurs when outcomes in the “real world” of the game universe are deter
mined via the rolling of dice. Each gaming action involves an array of possible outcomes.
For instance, if the action is an attempt to hit an opponent with a weapon, the outcomes
could involve a successful hit (for some amount of damage), a miss, or even a fumble (which
leaves the attacker off-balance and more vulnerable to a counteract). If the action is an
attempt to climb a sheer cliff face, then the possible outcomes might include making some
progress up the cliff, holding steady without making progress, or losing ground. It could
even involve falling down the cliff and getting injured.
The outcome of each action has a different likelihood, or probability of occurrence;
relevant abilities (such as the above example of Bob’s skill in animal-handling) influence
the probability of a character being successful in a particular attempted action.'^ The game
designers’ rules set the framework for interpreting “model world” results (often outcomes
of die rolls) in the game’s “real world”: for instance, in comparing a rolled number with the
relevant characters’ numeric descriptors, one is using “model world” rules to determine the
action’s outcome.

Is This Modeling Really Mathematicalr*
Clearly then, game designers create models that players use to simulate events. This
leaves us with an important question: why is RPG designing an example of mathematical
modeling rather than of modeling in general? What distinguishes the two? Mooney and
Swift define mathematical models as “models built using the tools and substance of math
ematics” (1), which leaves a lot of room for interpretation. Other definitions in the literature
are equally (im)precise. Furthermore, Mooney and Swift point out that all models must
have a purpose and that simplification makes extensive use of Occam’s Razor.^ To what
extent is this true of RPGs?
Well, certainly RPGs use mathematics to quantify characters’ skills and to determine
the outcomes of events through probability. They also have a purpose, which is typically
for the players to have fun participating in a game in a particular genre (such as fantasy
or horror) and involving a particular style of play (e.g., for a serious interstellar gaming
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experience with a gritty, realistic feel, you might play d20 Future, while for a more relaxed,
campy, space-opera feel in the same setting you might choose to <p\a.Y Adventures in Space).
And game designers do indeed use Occam’s Razor to capture the elements they feel are
critical to the flavor of the game they are creating, while ignoring any details that would
complicate the experience or deviate from the intended style of play. So it seems that RPGs
are indeed mathematical models.

Different Choices Lead to Different Games (Models)
Game designers can perform their modeling processes in a variety of ways. The manner
in which the processes are carried out determines the type of model world, and hence, the
type of game, in which the players will participate. For D&D, the game designers realized
that combat will likely occur on a frequent basis. Thus, they designed the combat system
to capture some realism, but abstracted much of it in order to not have it consume too
much time, and to avoid complex tracking of spatial relationships accounting for each and
every movement of each body part of each entity involved in a combat situation. Specifically,
for D&D combat, time is broken into discrete units, called rounds, lasting six seconds each.
During a round, characters can attempt certain movements or combined movements.
Chances for success are not based on specific actions (such as “swinging a sword at the mon
ster’s head”) but rather on an abstracted notion of these actions (“attacking the monster for
this round”). Thus, the associated die roll determines not whether a single swing of a sword
results in damage to the opponent, but rather whether any of the abstract actions involved
in attacking during the round result in injury to the target.
On the other hand, most computer-based role-playing games like World ofWarcraft,
for which recordkeeping and arithmetic can be handled efficiently by the computer, actually
model each individual action — swinging a sword, climbing a few feet up a steep hill, picking
a single lock, etc. Thus, these games have rules for determining the success or failure of
small-scale events; these small-scale events then combine into a larger encounter with each
opponent or obstacle.
Still other games, notably the independently-created games available online for free,
tend to have much more abstract notions of encounters than even D&D does. For example,
in the game Resourceful, characters have a mere eight values that determine their abilities,
and the outcome of an entire situation is obtained by rolling three 10-sided dice exactly
once. In comparison, a straight-up fight in D&D may require hundreds of dice to be rolled,
as each combat is broken into myriad rounds during which characters are able to perform
multiple actions which require separate success/failure rolls and degree of success rolls.
Thus, we see how different levels of abstraction result in very different game-play expe
riences.

Using RPGs to Learn Mathematics
While designers use mathematical modeling in their creation of games, simply playing
an RPG doesn’t necessarily mean one is actively or consciously engaging in mathematical
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modeling. Certainly, players encounter arithmetic, probability and expected values,* and
unit conversions. But more mathematics can be brought to light through reflection on the
game as a model. For instance, players often seek to optimize their characters, setting out
future paths of development so that there is no wasted effort in moving from a beginning
character to a more powerful character; this requires a great deal of planning and design up
front so that when a character gains abilities and powers, they lead to the next step in the
intended path. This and other aspects, like strategic planning by groups, are important, but
still leave most of the mathematical modeling in the hands of the game designers. However,
many players move past this passive game play into a more obviously mathematical realm.
For instance, a GM may attempt to “reverse engineer” a game: that is, work out the details
of how the game designers built the game’s tables, charts, and mechanics, in order to design
new elements that have a similar feel and maintain some sort of balance with the elements
already in the game world. For example, many games have a list of professions or classes of
which characters can be members; one’s chosen profession or class determines which abilities
one can gain as one’s power increases. One look at the discussion boards for any such game
makes it immediately obvious that many gamers spend a great deal of time inventing their
own classes; however, this is a delicate process that could easily result in a class that would
be too powerful or too weak to match well with pre-existing classes. Maintaining a balance
between classes — so that are all useful and allow characters of that class to “take center
stage” equally often and equally well — is one of the hardest aspects of game mechanics. As
a GM, one thus experiences these explicit modeling elements more frequently, but that still
excludes the majority of those involved in RPGs from have a genuine modeling experience.
What can be done to change this?
Well, learning mathematics and mathematical modeling through role-playing games
can occur at three different stages. First, players can learn about basic probability, scale,
and the concept of quantification through playing a game. (Clearly, though, during game
play, much of the calculation of probabilities occurs behind the scenes so as not to interfere
with players’ enjoyment of the game. In order for players to gain an explicit appreciation
for such mathematics, or for how modeling aspects are enacted in a game’s design, they
must reflect on and analyze game sessions.) Second, players can more actively practice mod
eling by taking on the role of the GM of a game or of a series of gaming sessions. Finally,
players can engage even more intensively in the modeling process by creating their own
RPGs. These different stages mimic the different levels of inquiry common in science edu
cation (Fay and Bretz), as students and teachers negotiate roles regarding who is designing
learning activities and making the plans for carrying them out. In the remainder of this
section, we detail the ways in which these stages of learning can take place.

Learning as a Player
There is a great deal of computation involved in playing pencil-and-paper RPGs, and
most RPGs involve some sort of randomness. Thus, players can learn about probability and
arithmetic through gaming. They are encouraged to consider the components of a mathe
matical model (simplification and abstraction, quantification, analysis, and interpretation);
they learn about selecting optimal paths to develop their character’s abilities and about cre
ating the “best mix” of characters to accomplish certain tasks. They learn about trade-offs
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and constraints through selecting features of characters and following varied paths, and they
meet various mathematical relationships and must engage with them in order to play effec
tively. Players develop a broad range of problem-solving skills and regularly practice visu
alization in order to picture their environment and the actions in that space (this is especially
important during moments of intense action, like those during combat). Almost all RPGs
also engage players in economic models through the use of exchange rates and units. Further,
players experience and develop other aspects of understanding necessary for participation
as professional mathematicians, such as teamwork, communication, and time management
(Nyman and Berry 35).
Players use mathematical ideas even in computer-based RPGs where much of the arith
metic is handled automatically. Consider, for instance, the online RPG World ofWarcraft.
Since in this game success heavily depends on coming out ahead in confrontations with
other players or with computer-controlled elements, players must make a variety of decisions
about which skills to develop and which pieces of equipment to gather, pursue, and build.
These choices are not at all obvious. Should a character focus on developing skills with a
single, slow weapon that deals massive damage each time it hits? Should he develop the use
of a smaller weapon, along with the use of a shield? Should he focus on smaller, faster
weapons that allow many attacks? Or would using a weapon that deals a small amount of
recurring damage over time be better? Answering these questions has led many players to
carry out computational tasks that balance competing factors such as the number of attempts
a weapon offers per round of combat, the likelihood of each attack being successful, and
the expected value of the damage done per hit to one’s opponent. Thus, players are using
basic ideas in probability and statistics in determining their strategies.
Finally, some RPGs are specifically designed to teach math and science (see Ahmad,
Shafie, and Latif, as well as Riegle and Fansler). Certainly video games can be based on realworld physics (see World ofGoo for an example using mechanics, the original Star Trek RPG
for a detailed model of how starship combat takes place based on the laws of physics, and
the original Traveller for a detailed model for the generation of realistic solar systems) or
can involve mathematical puzzles (for example, solving a Knight’s Tour problem was a com
ponent of The 7th Guest). However, many of these games set up arbitrary scenarios that do
not have much relation to real gaming environments. For example, players may need to
solve mathematical equations or perform a sequence of computations in order to win a
challenge, rather than winning it “authentically” by swinging a sword or escaping a trap.
On the other hand, some designers, like Keith Devlin, are finally starting to create mathfocused RPGs in which the mathematics occurs naturally and must be worked with, in con
text, to solve genuine problems (Bergeron).

Learning as a GM
Eventually, like Hollywood actors, most players of RPGs want more control of the
action, and take on the role of GM. GMs must consider issues of scale (as they design maps
to organize and guide gaming sessions), of probability (as they set difficulty levels and deter
mine random events), and of fairness (as they try to design an adventure that allows every
player a chance to succeed in her endeavors). They also play with statistics and modeling
of the world at large when they engage in urban planning in order to develop a realistic
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setting for the game. This might, for example, involve figuring out the distribution of dif
ferent types and levels of characters in a town, laying out the town’s architecture, or designing
an entire economy based on local goods and services.

Learning as a Game Designer
At the highest level, players designing their own RPGs encounter many more aspects
of modeling as they consider the balance of accuracy in their models with the models’ rea
sonableness and playability (usability). Indeed, accuracy can be achieved by including many
details and designing games to model particular events with realism, but often these details
reduce the usefulness and playability of the game, slowing it down and requiring more time
to adjudicate game events. For example, suppose a designer wishes to create a contemporary
economically-focused game. Does she create a model that requires detailed tracking of every
asset, loan, and expense in a character’s life? While this would enable players to practice
valuable real-world skills, it would interfere with game play and require players to spend
most of their time managing resources rather than actually exploring the game’s world. It
may be better for her to use the process of abstraction, and represent a character’s monetary
situation by a single measure that goes up or down as players attempt to acquire additional
material resources. (This, for instance, is how the wealth system in d20 Modern is man
aged.)
As designers, they also need to consider “game balance.” An RPG is considered “bal
anced” if its design ensures a sense of “fairness” among the different possible character roles
and among the paths that a character can follow. Discussions of game balance in DdrD
often center on making sure that the character classes have equivalent options and actions
in which to engage and that the characters themselves have similar levels of power. But how
does one determine these equivalences? Character abilities differ wildly; choices of class or
profession open up some possibilities for a character’s future development and close off
other paths. How does a game designer go about balancing these issues to ensure that all
players will have opportunities to participate and be important during adventures? To create
this balance, a designer could use, for instance, a detailed multivariable regression model;®
in fact, some players have attempted to reverse engineer existing characters to build an idea
of how the game designers balanced different factors.
Even more intriguing is that what seem to be purely qualitative aspects of a gaming
world, such as style and mood, can also be modeled quantitatively. For example, the cardbased RPG The Wizards (based on the Lord ofthe Rings novels by Tolkien) includes a mech
anism to account for corruption, so that characters with too many powerful items and
effects can be lost” to the “darkness.” Each character has a score that controls how pure he
is, and thus not only power, but goodness, must be balanced in solving the problems encoun
tered in the games.
Game designers can also challenge and alter real-world math and science by incorpo
rating magic, time travel, and alternate realities into their games, playing with serious “what
if” questions. Suppose we do allow magic. Does it follow the law of conservation of energy?
If so, does the energy used in practicing magic drain the user, or can he draw the energy
from a source outside himself? Does the magic’s strength dissipate with distance and area
covered? (For one interesting exploration of these issues, see the independent RPG Circe,
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which requires detailed mathematical calculations to determine the amount of energy used
by a magical spell.)

RPGs in Education
There is little doubt that mathematical modeling, by itself, is a powerful tool for learn
ing, and for altering perceptions of, mathematics. Falsetti and Rodriguez show that math
ematical modeling experiences can improve students’ attitudes toward mathematics, and
Nyman and Berry show that general, transferable competences such as interpersonal skills,
time management, organization, independent study, personal research, library skills, and
computing skills can also be developed by focusing attention on modeling. Furthermore,
mathematical modeling can be used as a vehicle for students to learn new mathematics,
rather than simply apply previously-learned mathematics in new ways (Boaler 126).
These and many other studies point to a single conclusion: contextualizing mathematics
by using it to solve realistic problems creates positive mathematical learning experiences for
students and helps them gain other skills and understandings. The National Council of
Teachers of Mathematics and most state- and district-level education standards recognize
this and include applications and modeling as an integral part of their curricula. Further,
most college-level mathematics programs include opportunities for students to use mathe
matics to build real-world models, and the Consortium for Mathematics and Its Applications
recognizes the challenges and rewards of this activity, sponsoring an annual national Math
ematical Modeling Contest.
At the same time, we have available a powerful tool for engaging students: the RPG.
The availability and widespread appeal of RPGs is well-documented (see Riegle and Fansler,
for example). As proof of their appeal, consider that, in the last decade, the lone RPG World
o/Warcraftyfem from nonexisrence to having over ten million subscribers worldwide; during
the same time period, only 450,000 STEM (Science, Technology, Engineering, and Math
ematics) degrees were conferred in the United States (Mayo). I suspect that if we consider
the hours that people spend on gaming versus the hours they spend on reading, studying,
and participating in STEM-related educational activities, we might see an even more sig
nificant diflFerence.
Incorporating RPGs into mathematics curricula could thus engage students while
teaching them valuable mathematical skills. Educational RPGs already exist, primarily as
computer-based or online experiences. The use of such games is showing promise at pro
moting positive learning outcomes (Mayo). As an example, consider Revolution (developed
and sponsored by the Education Arcade), which focuses on the people and places that were
important at the start of the American Revolution. Rather than reading about Paul Revere’s
ride, players interact with historical figures and ultimately are forced to decide how to pro
ceed, working either on the behalf of the colonists or on behalf of the Crown. Players can
take on a variety of personae that cover the gamut of social roles in the colonies. Through
playing the game, students are both learning about historical facts and developing facets of
understanding such as perspective, empathy, and interpretation (Wiggins and McTighe,
ch. 4). Similar results are achieved by students playing Descartes Cove (Wallace), which
requires players solve mathematical problems to complete challenges.
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As we’ve seen, playing games can be mathematically educational, and by designing
games, one can learn even more. Add to this the fact that games are just plain fun! Imagine
if students always approached learning the same way they approach games. How would the
work of educators be transformed? Shaffer points to some of these possibilities in his study
of “epistemic games.” His work indicates that allowing students to engage in realistic roles,
under the physical, social, and economic constraints and expectations of those roles, can
help them develop knowledge, skills, values, and identity. Well-designed RPGs provide
these benefits since they are really models and simulations of different realities, placing
players in situations requiring them to work with each other and within the game world’s
constraints in order to accomplish their goals. Including RPG playing and design in mathematics curricula could teach students important skills — mathematical and otherwise —
while capturing their interest.

Conclusion
In short, many of us would like our students to learn the valuable skills required for
doing mathematics, and specifically, for performing mathematical modeling. We also possess
a platform that engages students: that of the RPG. The experience of gaming, with embedded
reflection and systematic stages of development from player, to GM, to game creator, can
provide an ideal platform to help students experience mathematics in a new way, and might
get students to see that mathematics offers a way of thinking that has considerable value.
At the same time, students get to have fun.
After all of this, I find that my modeling and gaming identities are deeply intercon
nected. Certainly, my interest in understanding how various games worked led me to use
mathematics to reverse engineer game mechanics. Further, in attempting to design my own
games, I learned a great deal of math. Thus, mathematics has influenced the way I play and
think about designing games. On the other hand, as a researcher, I find myself “playing the
game” of mathematics in attempting to quantify and describe relationships that others might
not see quantitatively — a skill I learned as a gamer. So in that sense, gaming has taught me
some of the behaviors and ways of thinking required of mathematicians. In sum, I am
neither wholly a mathematician nor wholly a gamer, but rather a symbiotic blending of
those two entities that mutually reinforce (and occasionally mutually distract) one another.

Notes
1. A campaign often links its adventures in ways that go beyond characters and context; usually this
connection is slowly discovered by the players over time. For example, it may eventually be revealed that
the region the characters inhabit is being invaded by a powerful force that is working in secret to steal the
life energy of every living being. In an early adventure within a campaign, the characters may simply be
looking for treasure, and in raiding an ancient ruin overrun by monsters might discover a device that lets
them see distant events. This reveals that one of the local officials has been fimneling resources into his
own private army. They root out this individual in a second adventure. At this adventure’s conclusion, the
traitor suggests that there are stronger enemies coming. Through additional adventures, the characters
learn more, develop skills, and eventually gain what they need to defend the region from onslaught, thus
resolving the larger campaign.
2. The GM makes sure that they are not violating the game system’s rules or deviating too far from
the plot she has in mind — for example, a GM may not let a player create an evil character in a campaign
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in which the other characters are good, since this would, if the players accurately portray their characters,
result in tremendous friction in the game, diminishing its players’ enjoyment.
3. Gaming involves favoring those aspects that one wants to make the focus of the game. In D&D,
characters often find themselves in physical comhat, so much of the game system is devoted to combat and
many of a character’s abilities are related to the skills, equipment, and other abilities needed for fighting.
In some games, however, combat is not important, so less of the game requires characters be strong or fast
or have a good sword. For instance, in a game such as Chronicles of the Drenai, it is more important for
players to focus on their characters’ motivations, interests, and addictions, relative to other characters, in
order to resolve inter-character conflicts rather than conflicts between the characters and the environment
established by the GM. Some games eschew the numerical system of ranking abilities altogether, focusing
on narrative descriptions and storytelling rather than on the resolution of conflict via randomness.
4. An (ordinary) differential equation is an equation that involves the rates at which various quantities
are changing. One of the most commonly encountered examples of this is Newton’s (yes, that Newton’s)
Law of Cooling, which says that the rate of change of the temperature of an object is proportional to the
difference between its current temperature and the temperature of its surroundings. Thus, the greater the
difference between these two temperatures, the faster the object’s temperature changes. One application
of this is to predict the amount of cold water one will have to add to a bathtub of hot water in order to
obtain just the right temperature for a good soak.
5. Allowing characters to have diflFerent levels helps to keep a game interesting and unpredictable,
but introduces the difficulty of ensuring that different types of characters and different combinations of
abilities are roughly equivalent. Thus, elements of the mathematics of fairness come into play. When certain
abilities are more useful than others, players quickly learn the mathematical skill of optimization, ignoring
“flavor” abilities in favor of those abilities that are most useful in the game world, as experienced by the
players. Thus, one may find a number of D&D characters who are very good at climbing and at swinging
sharp swords but have no skills pertinent to earning a living in their barter economy, since such skills can
only be developed at the expense of their sword-swinging skills.
6. Hierarchies of achievement and ability often lead players to seek ways to improve their characters,
either through training or through the acquisition of equipment.
7. Occam’s Razor is also known as the principle ofparsimony. “Things should not be multiplied
without cause.” The modern version of this is known as the K.I.S.S. principle: “Keep It Simple, Silly.”
The goal is to make the model as simple as possible in order to describe and capture what you want,
without making it so simple that it fails to be accurate.
8. An expected value is the most likely result of a random event. For example, if you play a game in
which you flip a coin and a result of heads wins you $3 but a result of tails costs you $1, you might want
to know how much you would expect to gain on average (if you played this game many times). Since each
result is equally likely, and hence has probability 1/2, the expected value of a single flip of the coin is
(l/2)($3) - (1/2)($1) = $1. This indicates that after playing the game many times, you would be likely to
be up $1 per game played, so the game is in your favor.
9. Multivariate regression modeling involves attempting to find an equation that describes a large
amount of data, so that one can predict how each individual variable in the data influences a single
dependent variable. In gaming, such modeling arises when players attempt to determine the “hidden costs”
assigned to the various features of a character class, so that they can create a new class that remains roughly
equivalent to existing ones in power and progression.
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